Two wheeled mobile robot has been used extensively in many elds, such as transportation, assembly etc. In general, motion planning and controller design of the mobile robot are being given much attention, which aim at enabling robot attain the goal without collision with other objects in a given environment. For the mobile robot navigation, arti cial potential eld method is a popular tool, because it can unify motion planning and control into one problem. Potential eld method has been widely used for mobile robot path planning [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . The developments of constructing potential elds for robot navigation are also being given much attention correspondingly. In static environment, all information about obstacle is known a priori, and motion of the robot is designed from the given information. The basic concept of the potential eld is to ll the robot's workspace with an arti cial potential eld, it includes a repulsive arti cial potential in which the robot is repulsed away from the obstacles and an attractive arti cial potential in which the robot is attracted to its goal position without colliding with obstacles. The most common application of the arti cial potential eld is for motion planning and obstacle avoidance. The main reason is as follows. A potential eld function is de ned over the robot's space, with a global minimum at the goal. In the presence of obstacles, local minima appear in the potential eld. The mobile robot may run into one of them and can not attain the goal. Therefore, the issue of obstacle avoidance has also been addressed by many researchers [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . In order to solve this problem, feedback control of the mobile robot which considers the obstacles by using potential eld function under the known observation information is proposed. At the same time, Lyapunov function candidate based potential eld method is considered for obstacle avoidance problem. Rimon [5] has proposed a method to model obstacles with arbitrary shapes in a generalized sphere world. Ge [9] introduced an arti cial potential trenches method in a dynamic environment which consists of moving target and obstacle. Sekiguti [3] showed a potential eld method based on Lyapunov function candidate for the case of unmoved obstacle and target. For this case, a compensating function based on maximum point information of Lyapunov function candidate is designed for escaping from the local minima and avoiding the obstacles.
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However, in real application the measured data is with uncertain noise, as a result, the observation information is uncertain one. In general, sensing is not perfect either and does not provide an exact knowledge of the robot's current con guration during execution. Hence, a fundamental difculty is that uncertainty exists not only at planning time, but also at execution time. The above case imposes a restriction on the existed methods. The desired control result is dif cult to obtain in the above noisy environment. Recently, a control scheme by using support vector machine (SVM) method and Lyapunov function candidate compensation is discussed [4] , where the method is used for obtaining the desired data in the noisy environment, the noise effect could be reduced with this scheme. Accordingly, a design method is summarized in this paper. That is, a control scheme to drive the mobile robot to the goal position avoiding the obstacles under the uncertain measured data is proposed based on the potential eld method. Stability of the control system can be guaranteed. It can make the mobile robot avoid running into the local minima by constructing the at plane around the local minima territory. Concerning the effect of the measured data from the camera, the SVM method is used to estimate the control parameters in the proposed controller, where the linear estimation algorithm is inconvenient for the robot system [12] . Depending on these estimated results, the navigation of the mobile robot can be controlled accurately and smoothly.
Namely, SVM-based path planning and obstacle avoidance of a two wheeled mobile robot are considered in our research. Our aim is to optimize the solution path for a shorter and smoother path. The rest of this paper is organized as follows. Model of the mobile robot is given rstly. Next, SVM based control scheme of the mobile robot is proposed in static environment, SVM method is used for estimating the controller parameters for reducing the noise effect. Obstacle avoidance is achieved by compensating the potential eld function with a plan surface. Then, simulation results with obstacle are shown to illustrate the effectiveness of the proposed control scheme to the existed method [3] . Finally, conclusion is drawn. The controlled system is considered as a two wheeled mobile robot [1] (see Figure 1 ). The mobile robot is assumed as a single rigid object. It features two differentially driven wheels and a third castor wheel at the rear to passively roll along while preventing the robot from falling over. On this two dimensional Cartesian workspace, a global coordinates are de ned. The mobile robot system is an under-actuated non-holonomic system, namely, it has two inputs (translational velocity ! " and angular velocity ! # ) and three outputs (center positions $%&'&and heading angle !"of the mobile robot). With the control inputs and the state variables, the motion of the mobile robot can be described. Further, for Regular Paper: Mobile Robot Path Planning the mobile robot, angular velocities of left and right wheel ( " , ( ) can be described with radius of a wheel and distance between both wheels ), * respectively. If ( " = ( )& + & !" then the robot moves forward in the direction that the wheels are pointing. The speed is proportional to ). Namely, pure translation occurs when both wheels move at the same angular velocity. If ( " = -( )& , & ! then the robot rotates clockwise because the wheels are turning in opposite directions. This motivates the placement of the body-frame origin at the center of the axle between the wheels.
Model of two wheeled mobile robot
In this paper, considering the static environment, a controller is discussed for reducing the uncertainty of the measured data by using SVM method during the navigation of the mobile robot. It assumed that all of the positions information could be measured by a global camera, such as the robot position, the obstacle position and the goal position. The measured position always accompanies noise. The noise would affect the control and the motion of the robot. In the following part, SVM based control scheme of the mobile robot is discussed, SVM method is used for estimating the controller parameters for reducing the noise effect. Local minima avoidance is achieved by compensating the potential eld function with a plan surface inside the local minima territory.
Problem formulation and controller design in static environment
Based on the model of the mobile robot, the objective is to design a controller under the measured data with uncertainty. The parameters in the proposed controller are estimated by using SVM method. SVM method for function estimation and regression is selected to estimate the state variables by using the measured data. SVM [13] [14] [15] is regularized for supervised approximators, which is ef cient for classi cation and function estimation. Regression is concerned with estimating real-valued functions [14] . Solving a quadratic programming problem is needed in the optimization process. According to SVM, the input space is mapped into a linearization feature space with the nonlinear function. In the feature space, a linear equation with the vector and scalar parameters of the model is taken to estimate the unknown function. Considering more interferential error, non negative slack variables are introduced. The optimization problem is formulated including a positive constant which is to control the punishment to the samples beyond the error. The use of kernel function to avoid carrying out the dot product of the nonlinear function explicitly is known as the kernel trick. By using Lagrange multipliers and kernel function which satis es the Mercer condition, the SVM model of the data set is rewritten. That is, linear regression in a high dimensional space corresponding to nonlinear regression in the low dimensional input space can be realized by mapping the input vectors into a feature space. In the following, using the SVM method to reduce the noise effect of measured data is described.
The uncertainty of the measured data can be reduced by using estimation results of the position information. That is, the desired position information could be estimated by using the measurement position information. At rst, estimated functions are designed by the features which are crucial factors for obtaining estimation function models of measured information. Then, according to these features, the desired state variables models of the robot can be obtained from training data, where the robot does the iteration movements for several times, measured position information is considered as training data for estimating function models. Finally, with the estimation models of state variables, the uncertainties of the measured information can be reduced. The estimated results are used as controller parameters for design of the controller.
In Rimon's robot navigation by using arti cial potential functions [5] , it is assumed that each obstacle is a star shaped set and can be transformed to a disk by a certain coordinate transformation. In Okuma's robot navigation by using arti cial potential functions [6] , Lyapunov function candidate is constructed based on the Rimon's approach, where there exist isolated obstacles which are expressed by obstacle function in the area that is bounded by a wall. For the robot shown in Figure 1 , the controller [4] is According to the position information which is measured by the camera, Lyapunov function candidate is computed with the position information. The control input is calculated from the controller equation. Therefore, the input of the controlled system is calculated. That is, for the mobile robot, the uncertainty of the measured information can affect the accuracy of the motion. As mentioned in the above, for reducing the noise effect form the measured information, the SVM method is used for estimating the position information. The derivative of the function 4 is computed with the controller, stability of the control system can be guaranteed [2] . That is, the controlled system converges to a set of the points. The controlled system may converge to the point when Lyapunov function candidate has the local minima. For example, as shown in Figure 2 by the contour of potential eld with an obstacle, the local minimum (LM) area and the target area are obviously to be seen. As also shown in Figure 3 by the three-dimensional graph of potential eld with an obstacle, the mobile robot would move into the local minimum and could not attain the goal when the mobile robot comes near to the local minimum area. For this case, an example by simulation is shown in Figure 4 .
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In order to solve the local minima problem, the compensating function constructed for substituting the function is regarded as at plane [3] . As mentioned in the above, the simulation environment is structured in presence of an isolated obstacle. However, in the real application, it is dif cult to nd a decreasing compensating function along the direction of the angle !=0. Inside the local minimum area, the ∇4 is calculated by magnitude and direction of gradient of the compensation at plane. This at plane enables the mobile robot to escape from the local minimum. Therefore, when the mobile robot passes by the local minimum area, the control input vector could be computed based on the compensation function. The details steps of construction the plane surface for compensating Lyapunov function are omitted here [2] . With the proposed control scheme, simulation results are demonstrated in the next section.
Simulation results
For evaluating the effectiveness of the proposed controller, local minima problem is considered with static obstacle and goal. For using the proposed method, support vector machine library (LibSVM [16] ) was selected with '-SVM and radial basis kernel function to obtain the models of the estimated parameters in controller.
During the navigation of the robot, there exist random variations in the state variables ($, ', !! which are captured by global camera. In order to simulate the measured data, random noise is introduced into the state variables. Namely, the noise brings uncertainties to the control system. The value of the noise could not be too large; otherwise it is dif cult for the robot to track the navigation path. In Figure 5 , the control result without noise is shown by dashed curve which is the reference result of the control system. The control result with noise is shown by solid curve in Figure 5 . By using the proposed method, the control result by reducing the noise effect is shown by dash-dotted curve in Figure 5 . The robot attained the goal with local minimum avoidance by compensating the Lyapunov function which is shown in circle area of Figure 5 . During the mobile robot navigation (see Figure 5) , it can be seen that the motion of the robot by using the SVM method with the noise (dashdotted curve) is near to the reference result (dashed curve) than the one without using the SVM method with the noise (solid curve). From Figures 6-8 , the positions of the robot and the control inputs with three cases are given also. The control results of the robot by using the SVM method with the noise (Figure 8 ) is near to the reference result ( Figure 6 ) than the one without using the SVM method with the noise (Figure 7) . The motion of the mobile robot has been controlled smoothly and accurately. The effectiveness of the proposed scheme was illustrated by simulations. 
Conclusion
In this paper, a SVM based control scheme and Lyapunov function candidate compensation were considered in the static environment. That is, the mobile robot path planning by SVM was discussed. SVM method is used for the estimation of the control parameters from the measured data with noise. The designed controller is based on Lyapunov function candidate and potential eld function.
Local minima problem is solved by designing the plane surface to compensate Lyapunov function candidate. The above improvements can give a satisfactory control performance. In simulations, for validation of the proposed control scheme, the proposed scheme is compared with the existed control scheme [3] to make the mobile robot avoiding the local minima. The compared results are presented to show the effectiveness of the proposed control scheme. As a result, the uncertainties of the measured information can be reduced by using estimation results by using the measured information. The motion of the robot has been controlled smoothly and accurately.
